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Abstract. The common rhizobial population in the soil is neither high enough nor effective enough to maximize nodulation and 
nitrogen fixation. In order to find novel rhizobia with specific characteristics, root nodule bacteria in a symbiotic relation with wildly 
grown legume species in rangeland areas of Iran were studied, and their biodiversity and phylogenetics were also determined. 
Bacterial strains were isolated from root nodules of 13 legume species in rangelands of Alborz and Qazvin provinces. Serial dilutions 
were prepared from root nodules and cultured on the YMA medium. Single colonies were subjected to morphological and biochemical 
evaluations. Genetic identification and phylogenetic study of 14 isolated strains were done based on the sequences of 16S rRNA, atpD, 
nodA, and nifH genes. Fourteen identified strains belonged to three families, six genera and nine species. For the first time, Paenibacillus 
sp. (Tal6), Rhizobium laguerreae (Tal71), Neorhizobium alkalisoli (Krj1 and Ghg71), Rhizobium arenae (Ghg21) and Paenibacillus endophyticus 
(Ghg31-2) were isolated from root nodules of Onobrychis sativa, Trifolium pratense, Colutea buhsei, Astragalus sp., Glycyrrhiza glabra, and 
Melilotus sp., respectively. Phylogenetic trees were constructed by the maximum-likelihood method. The findings indicated that the 
complete host range of root nodule bacterial strains remained to be determined. Thus, the host range of specific nodule-forming 
bacterial species could be much wider than that proposed previously. Finally, different strains of the same bacterial species isolated 
from various host plants, demonstrated very diverse characteristics based on the biochemical tests and phylogenetic studies, 
indicating the possible effects that host plants themselves have on the genome of the bacterial strain. 
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Introduction 
 
The legume family (Leguminosae or Fabaceae) is the third 
largest family of flowering plants and consists of 751 genera 
and 19500 species worldwide (Christenhusz & Byng, 2016). 
Legume plants are able to form a mutualistic symbiotic 
relationship with nitrogen-fixing bacteria known as rhizobia 
and develop root nodules (Vauclare et al. 2013, Quain et al. 
2015). In legume root nodules, symbiosomes containing 
rhizobial bacteria act as temporary plant organelles and have 
the ability to symbiotically fix nitrogen (Coba de la Peña et al. 
2018). The ability of legume plant species to gain some of their 
requirement for nitrogen in this way gives them a significant 
competitive advantage over those that lack this ability. 
Biological Nitrogen Fixation (BNF) is also an important 
component of sustainable agricultural systems. It supplies up 
to 200 million tons of nitrogen per year. Legume-rhizobia 
symbiosis accounts for 60% of the total BNF on the earth 
(Arora et al. 2012, Zou et al. 2016, Dong & Song 2020). 
Rhizobia may live in two states: as free-living bacteria in the 
soil or as symbiotic bacteroids inside legume nodules (Quelas 
et al. 2013). Formation of nodules depends on two separate 
processes, the infection by rhizobia and the organogenesis of 
the nodule (Clúa et al. 2018). The absence of effective 
nitrogen-fixing strains of rhizobia in the soil and root nodules, 
results in a crop decline and yield loss of legumes that gain 
their nitrogen mainly from the process of BNF (Hassen et al. 
2018). Rhizobia also improves nutritional uptake by 
solubilization of phosphorus. Low levels of phosphorus and 

nitrogen results in impaired growth of legumes (Miriko et al. 
2018). 

The majority of studies were conducted on cultivated 
legume species or non-cultivated ones treated by farmers. 
Since the common rhizobial population in the soil is neither 
high enough nor effective enough to maximize nodulation 
and nitrogen fixation, the capacity of rhizobia, isolated from 
nodules of wildly-grown legume species, may be higher than 
the specific native rhizobia in terms of nitrogen fixation 
(Muresu et al. 2008, El-Lithy et al. 2014). On the other hand, 
inoculants often fail to compete for nodule occupancy against 
native rhizobia and have lower nitrogen-fixing abilities, 
resulting in less yields (Mendoza-Suárez et al. 2021). The 
study of nodulating wild plants in rangelands, and their 
rhizobial composition in indigenous soils, which have not 
been undergone agricultural practices, to understand the 
rhizobial diversity, their specific characteristics, and their 
economic application is needed (Bhargava et al. 2016). 

Although rhizobia are important for agriculture and 
environment, studies on their phylogeny and taxonomy are 
relatively infrequent (Azevedo et al. 2015). Some recent 
reports on the isolation of nodule associated bacteria from 
wild legumes include: a research on the phylogenetic 
diversity of bacterial strains from root nodules of legumes 
grown wild in Egypt (El-Batanony et al. 2020), the study of 
diversity, phylogeny and plant growth promotion traits of 
nodule associated bacteria isolated from Lotus parviflorus 
(Soares et al. 2020), and the study of plant growth-promoting 
bacteria isolated from wild legume nodules and nodules of 



M. Marzban et al. 
 

28 

Phaseolus vulgaris L. trap plants in central and southern 
Mexico (Tapia-García et al, 2020). The objectives of our study 
were isolation and identification of root nodule bacteria in the 
symbiotic relation with wildly-grown legume species in 
rangeland areas of Iran in search of root nodule bacteria with 
novel characteristics and study of their biodiversity, and 
phylogenetics. 
 
 
Material and Methods 
 
Field sites and sampling 
In order to isolate nodules from roots of wildly-grown legumes 
growing in rangelands, sampling was done from 19 sites in two 
provinces of Iran. In Spring 2017, 21 samples were collected from 
Alborz province and in Autumn 2017, 12 samples were collected from 
Qazvin province (33 plant samples in total). Out of 33 plant samples, 
13 samples contained visible root nodules. GPS coordinates of the sites 
where the plants with root nodules were sampled is provided in 
Supplementary Table 1. Each sample included rhizosphere soil along 
with intact roots and shoots of the plants. Root samples containing 
nodules were fragmented and placed in screw cap plastic vials. 
 
Sample preparation 
In order to isolate bacteria from nodules, they were surface-sterilized. 
Surface-sterilization of root nodules was done using a standard 
protocol (De Meyer et al. 2011). The nodule samples were surface 
sterilized by three minutes immersion in 3% sodium hypochlorite 
(NaClO, EC Number: 231-668-3). Afterward, the nodules were 
washed by immersion and vortexing in sterile distilled water with 0.5 
mm sterile glass beads. Then, the nodules were squashed in sterile 
physiological water (0.9% (w/v) NaCl). 
 
Growth conditions and isolation of bacteria 
Serial dilution of the nodules (30µl) were plated on yeast mannitol 
agar medium (YMA) containing Congo Red (EC number: 209-358-4) 
(Atlas 2010). Bacterial colonies were cultured at 28°C for 48-72 hours. 
In order to obtain a pure culture or a single colony, sub-culture was 
done for each plate. 
 
Morphological and biochemical characteristics 
Single colonies were subjected to the Gram stain (Beveridge 2001). 
Colony morphology was also evaluated under the light microscope. 
Size, color, shape, mucosity, transparency, borders, elevation, and 
growth pattern were recorded. For the confirmation of Gram stain, 
KOH solubility test was performed by 3% KOH solution (Islam et al. 
2016). Oxidase test was performed by commercially oxidase test strips 
(Merck, Germany). To study the presence of catalase enzyme in 
bacterial colonies, catalase test was also performed (Al-Judy & Majeed 
2013). Motility was observed by light microscopy. Growth ranges of 
isolates in different temperatures were determined on YMA medium 
at 28°C, 34°C and 40°C, and the range of growth under various pH 
conditions was tested on YMA medium within the pH range of four 

to nine. For the salt tolerance test, growth in the presence of NaCl was 
observed in yeast mannitol broth (YMB) medium containing 0.01%, 
1% and 2% (w/v) NaCl. The growth of isolated strains in each NaCl 
concentration was evaluated three times. Bacterial growth was 
measured by UV spectrophotometer (Shimadzu, Japan) at OD600. One-
way analysis of variance (ANOVA) and Duncan comparison (P<0.01) 
were used to explain the degree of significance of each factor (NaCl 
concentration and strain) and the interaction between factors. 
Statistical analysis was conducted using SAS version 9.4 (SAS 
Institution, Cary, North Carolina, USA). In order to examine 
solubilization capabilities of rhizobial strains, phosphate 
solubilization test was done using Sperber's solid medium. The strains 
were placed on agar plates containing 0.5% tricalcium phosphate 
[Ca3(PO4)2] and incubated at 28°C for five days. The presence of a clear 
halo around the specific bacterial colony indicated that the strain was 
able to solubilize mineral phosphate (Egamberdieva et al. 2017). 
 
Bacterial DNA Extraction 
Genomic DNA of bacterial colonies were extracted by IBRC (Iranian 
Biological Resource Center) Genomic DNA Extraction Kit (IBRC, Iran; 
Cat. No.: MBK0021) following the manufacturer’s instructions. The 
quality of DNA was verified by electrophoresis in 1% agarose gel by 
PowerPac™ Basic power (Bio-Rad, USA). Bands were visualized by a 
UV transilluminator Gel Documentation (GelDoc) (Syngene, UK), and 
the quantity of DNA was determined using a Picodrop 
spectrophotometer (Picodrop, USA). 
 
PCR amplification of 16S rRNA, atpD, nodA and nifH genes 
Four genes, 16S rRNA, N-acyltransferase nodulation protein A 
(nodA), ATP synthase subunit beta (atpD), and nitrogenase iron 
protein (nifH), were studied. PCR Primers were manufactured by 
Microsynth, Switzerland (Table 1). The final reagent concentrations 
for all PCR reactions (50 mL volume) were: 1X PCR buffer, 2 mM 
MgCl2 solution, 0.4 mM dNTPs, 0.5 mM each primer, 1.25 U Taq DNA 
polymerase. As for the DNA template, 100 ng of genomic DNA was 
added. All PCR reactions were done by MyCyclerTM thermal cycler 
(Bio-Rad, USA). The quality and quantity of PCR products were 
assessed by electrophoresis in 1% agarose gel and Picodrop 
spectrophotometer, respectively. The amplified fragments of 16S 
rRNA, atpD, nodA and nifH genes by PCR were purified by the High 
Pure PCR Product Purification Kit (Merck, Germany). 
 
Sequence analysis of PCR products 
All purified PCR products were sent to Microsynth AG, Switzerland 
for Sanger sequencing. All sequences were edited by ChromasPro 
v.1.7.4 software. Forward and reverse sequences of 16S rRNA gene 
were assembled also using the above-mentioned software. All 
assembled 16S rRNA sequences were blasted in the EzTaxon database 
(https://www.ezbiocloud.net/) (Kim et al. 2012) and the closest 
phylogenetic relatives were used as references for identification of 
each strain. The newly generated sequences of 16S rRNA, atpD, nodA 
and nifH genes were submitted to the NCBI database through BankIt 
submission tool (https://www.ncbi.nlm.nih.gov/BankIt). The NCBI 
GenBank accession numbers are given in Table 2. 

 
 

Table 1. List of primers used for phylogenetic analysis of root nodule bacteria in this study. 
 

Gene Primer Sequence (5'-3') Reference 
16S rRNA F: 27F 

R: 1492R 
AGAGTTTGATCCTGGCTCAG (20) 
TACGGTTACCTTGTTACGACTT (22) 

(Willems et al. 2001) 

nodA F: nodA-1 
R: nodA-2 

TGCRGTGGAARNTRNNCTGGGAAA (24) 
GGNCCGTCRTCRAAWGTCARGTA (23) 

(Haukka et al. 1998) 

nifH F: nifHF 
R: nifHI 

TACGGNAARGGSGGNATCGGCAA (23) 
AGCATGTCYTCSAGYTCNTCCA (22) 

(Laguerre et al. 2001) 

atpD F: 255F 
R: 782R 

GCTSGGCCGCATCMTSAACGTC (22) 
GCCGACACTTCMGAACCNGCCTG (23) 

(Shamseldin et al. 2008) 
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Table 2. GenBank accession numbers for the bacterial strains sequenced for the first time in this 
study on root nodule bacteria. N/A (Not Available) indicates that PCR product was not produced 
for that strain’s specific gene. It was either the strain did not contain that specific gene or the 
provided PCR condition was not suitable for the amplification of that specific gene. 

 

No. Isolate 16S rRNA atpD nodA nifH 
1 Sav1 MH045723 MG581357 MG604333 MG581356 
2 Sav1S MG461568 MG581358 N/A N/A 
3 Tal21 MG461619 MG581359 N/A N/A 
4 Tal31 MG461663 MG581360 MG604335 MG604334 
5 Tal42 MG461613 MG604336 MG604340 MG604339 
6 Tal52 MH000684 MG604342 MG604344 MG604343 
7 Tal6 MG571576 N/A N/A N/A 
8 Tal71 MG786535 MG604337 MG604341 MG604338 
9 Krj1 MG432239 MG495132 N/A N/A 
10 Ghg11-2 MG571578 MG604345 N/A N/A 
11 Ghg21 MH201177 MH213489 N/A N/A 
12 Ghg31-2 MH201225 N/A N/A N/A 
13 Ghg31-3 MH201188 MH213487 N/A N/A 
14 Ghg71 MH000671 MH213488 N/A N/A 

 
 
Phylogenetic analysis 
Phylogenetic analysis of 16S rRNA, atpD, nodA and nifH sequences 
was conducted separately. Although phylogenetic studies based on 
16S rRNA gene is the main tool in microbial phylogeny, there are 
some limitations for differentiation among closely related species. 
Thus, a multilocus sequence analysis (MLSA) for combined data sets 
of 16S rRNA-atpD and 16S rRNA-atpD-nodA-nifH was done for some 
strains. Phylogenetic analysis of 16S rRNA for Gram-positive and 
negative strains was performed separately. Overall, seven 
phylogenetic trees were constructed. Molecular Evolutionary 
Genetics Analysis (MEGA) version 6 software was used for 
phylogenetic analysis (Tamura et al. 2013). ClustalW was used for 
alignment of the sequences (Thompson et al. 1994). Phylogenetic trees 
were constructed using the maximum-likelihood (ML) method, and 
the confidence of the nodes was estimated with 1000 bootstrap 
replications. The evolutionary distances were computed using the 
Tamura-Nei model (Tamura and Nei 1993). 

Reference type strains selected from NCBI and their GenBank 
accession numbers of 16S rRNA gene for the phylogenetic tree of 
Gram-positive strains are presented in Supplementary Table 2. 
Reference type strains selected from NCBI and their GenBank 
accession numbers of 16S rRNA and atpD genes for the phylogenetic 
tree of Gram-negative strains and phylogenetic tree of combined 16S 
rRNA-atpD data sets is given in Supplementary Table 3.  

Phylogenetic trees of nodA and nifH genes were constructed for 
some strains isolated in this study and NCBI GenBank of nodA and 

nifH genes for reference type strain Rhizobium laguerreae (FB206) 
(accession numbers JN558701 and JN558691, respectively), Rhizobium 
leguminosarum bv. viciae (USDA 2370) (accession numbers JN558711 
and NZ_QBLB01000046, respectively), and Rhizobium sophorae 
(accession numbers MRDK01000071 and MRDK01000039, 
respectively).  

 
 

Results 
 
Identification of plant samples 
All 13 collected plant samples were identified. Plant species 
identification through morphological characterization was 
performed by botanical specialists at the plant bank of IBRC 
(http://en.ibrc.ir/page/plant+bank) (Table 3). 
 
Morphological and biochemical characterization of the 
isolates 
Fourteen pure strains from serial dilution of nodules were 
isolated. The given names for strains were Sav1, Sav1S, Tal21, 
Tal31, Tal42, Tal52, Tal6, Tal71, Krj1, Ghg11-2, Ghg21, Ghg31-
2, Ghg31-3 and Ghg71. Morphological and biochemical 
evaluation of strains including Gram stain, KOH, catalase, 
oxidase and motility tests is given in Table 4. 

 
Table 3. Legume plant species used in this study and their assigned code in IBRC (Iranian 

Biological Research Center). Species known also as cultivated crops were indicated by an 
asterisk. All plant samples were collected as wild, and not as cultivated. 

 

No. County Common Name Scientific name IBRC Number 
1 Savojbolagh Alfalfa Medicago sativa* P1012972 
2 Savojbolagh Common bean Phaseolus vulgaris* P1012979 
3 Taleqan Liquorice Glycyrrhiza glabra P1012983 
4 Taleqan Sweet clover Melilotus sp. P1012980 
5 Taleqan Lotus Lotus sp. P1012987 
6 Taleqan Alfalfa Medicago sativa* P1012997 
7 Taleqan Sainfoin Onobrychis sativa P1012990 
8 Taleqan Red clover Trifolium pratense P1012988 
9 Karaj Bladder senna Colutea buhsei P1012998 
10 Qazvin Bird's-foot trefoil Lotus corniculatus P1013225 
11 Qazvin Liquorice Glycyrrhiza glabra P1013519 
12 Qazvin Sweet clover Melilotus sp. P1013521 
13 Qazvin Milkvetch Astragalus sp. P1013535 
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Table 4. Morphological and biochemical characteristics of root nodule bacteria isolated in this study 
 

No. Isolate morphology Gram stain KOH test Catalase test Oxidase test Motility 
1 Sav1 mucoid - + + + - 
2 Sav1S mucoid - + + + - 
3 Tal21 convex - + + + + 
4 Tal31 mucoid - + + + - 
5 Tal42 mucoid - + + + - 
6 Tal52 mucoid - + + + - 
7 Tal6 yellow, convex + - + - - 
8 Tal71 white, convex - + + + - 
9 Krj1 pulvinate - + + + + 
10 Ghg11-2 mucoid - + + + - 
11 Ghg21 mucoid - + + + - 
12 Ghg31-2 white, mucoid + - + - - 
13 Ghg31-3 Circular, convex - + + + + 
14 Ghg71 pulvinate - + + + - 

 
 
Growth range of strains in different pH conditions showed 
that all strains could grow in the pH range of 5-9. However, 
the following isolates could not grow at the pH=4: Sav1S, 
Tal31, Tal42, Tal52, Krj1, Ghg11-2. Growth range of isolates in 
various temperatures showed that all strains could grow at 
28°C and 34°C, but only the following strains could grow at 
40°C: Sav1, Tal31, Tal42, Tal52, Ghg11-2, Ghg21. Except 
Ghg21, five other strains which were able to grow at 40°C 
were identified as Ensifer meliloti. The analysis of variance for 
salt tolerance test indicating growth in the presence of 0.01%, 
1% and 2% (w/v) NaCl showed that the effects of each factor 
and the interaction between factors were statistically highly 
significant (P<0.001) (Figure 1). Results showed that only two 
strains (Tal21 and Tal31) out of 14 isolated strains, had a 
significant growth increase by the elevation of NaCl 
concentration level from 1% to 2%, which were later identified 
as Phyllobacterium ifriqiyense and Ensifer meliloti, respectively. 
Tal71 (Rhizobium laguerreae) was the only rhizobial strain 
unable to grow at NaCl concentration levels of 1% and 2%. 
Phosphate solubilization test on isolated rhizobial strains 
showed that all five strains of E. meliloti, Tal21 
(Phyllobacterium ifriqiyense) and Ghg21 (Rhizobium arenae) 
could solubilize tricalcium phosphate on Sperber medium. 
The rest of five rhizobial strains were not able to solubilize 
phosphate. 
 
Molecular identification of isolates 
Fourteen strains were identified (Table 5) representing three 
families (Rhizobiaceae, Phyllobacteriaceae, Paenibacillaceae), 
six genera (Ensifer, Pararhizobium, Phyllobacterium, Rhizobium, 
Neorhizobium, Paenibacillus), and nine species (E. meliloti, P. 
giardinii, P. ifriqiyense, R. laguerreae, N. alkalisoli, R. arenae, R. 
radiobacter, P. endophyticus, Paenibacillus sp.). 
 
Phylogenic tree of 16S rRNA gene 
The obtained 16S rRNA tree for Gram positive strains showed 
that the strain Ghg31-2 which was identified as Paenibacillus 
endophyticus was grouped with its closest reference type 
strain. The strain Tal6 also was grouped with its closest 
reference type strains observed in EzTaxon database, i.e. 
Paenibacillus xylanilyticus (XIL14) and Paenibacillus 
taichungensis (BCRC 17757) with a very low bootstrap support 
(BS=23%) (Figure 2a). 

All isolated rhizobial strains in the phylogenetic tree of 
Gram-negative strains were grouped in the same clade as 
their reference type strains (Figure 2b), indicating the correct 
identification of the isolates. All isolated Ensifer meliloti strains 
along with their reference type strain and type strain of Ensifer 
numidicus formed clade I with high confidence (BS=98%). 
Strains of Neorhizobium alkalisoli along with the reference type 
strains of Rhizobium galegae (ATCC 43677) and Rhizobium 
huautlense (SO2) were placed in the clade II also with high 
confidence (BS=96%). Rhizobium radiobacter (Ghg31-3) with its 
reference type strain (Agrobacterium radiobacter) and the 
reference type strain of Rhizobium pusense (NRCPB10) were 
placed together with the highest confidence (BS=100%) and 
formed clade IV. Sav1S (Pararhizobium giardinii) and its 
reference type strain with the reference type strain of 
Rhizobium herbae (CCBAU 83011) formed a separate clade 
(clade V) with moderate confidence (BS=84%). Reference type 
strains of Rhizobium etli (CFN 42), Rhizobium anhuiense 
(CCBAU 23252) and strains of Rhizobium laguerreae were 
placed together and formed a distinct clade (clade VI) with 
high confidence (BS=99%). Tal21 (Phyllobacterium ifriqiyense) 
along with its reference type strain and reference type strains 
of other Phyllobacterium spp. were grouped together and 
formed the clade VII with moderate confidence (BS=86%). 
Phyllobacterium ifriqiyense is the only rhizobial strain which 
did not belong to the family of Rhizobiaceae. It belonged to 
the family of Phyllobacteriaceae. 

 
Phylogenic trees of atpD and the combined 16S rRNA-atpD 
sequence data sets 
Phylogenetic trees gained from atpD sequences alone and the 
combined data set 16S rRNA-atpD genes were including all 12 
rhizobial strains which were isolated in this study along with 
some of the reference type strains are shown in Figure 3. 
Every isolated strain was grouped alongside its reference type 
strain in the same clade in both phylogenetic trees. Branch 
supports on the atpD tree (Figure 3a) were lower due to lower 
informative signals provided by atpD gene. In both atpD and 
16S rRNA-atpD trees (Figure 3), strains of Rhizobium  
 
laguerreae, the reference type strains of Rhizobium 
leguminosarum bv. viciae (USDA 2370) and Rhizobium sophorae 
(CCBAU 03386) were placed in one cluster (clade VI) with 
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high confidences (BS=91% and BS=94%, respectively). 
However, this topology was against the 16S rRNA tree in 
which the reference type strains of Rhizobium leguminosarum 
bv. viciae (USDA 2370) formed a clade separate from the 
strains of Rhizobium laguerreae (clade VIII). 

In the phylogenetic tree of atpD gene the Tal21 
(Phyllobacterium ifriqiyense) strain was grouped with the 
strains of Rhizobium laguerreae with low confidence. However, 
as it was expected, in the combined phylogenetic tree, it 
formed a separate branch sister to other rhizobial strains 
(clade VII). The fact that this strain does not belong to the 
family of Rhizobiaceae is more obvious in the combined 
phylogenetic tree. Rhizobium radiobacter (Ghg31-3) and the 
reference type strain of Rhizobium pusense (NRCPB10) formed 
a separate clade (clade IV) with low to high confidences 
(BS=67% in atpD tree, BS=98% in 16S rRNA tree, and BS=99% 
in 16S rRNA-atpD tree). 

 
Phylogenic trees of nodA, nifH and combined 16S rRNA-atpD-
nodA-nifH sequence data sets 
In this study in addition to atpD gene, nodA and nifH genes 
were sequenced for Ensifer meliloti strains in order to 
differentiate Ensifer meliloti strains isolated from different 
sources and locations. Only Ghg11-2 strain of Ensifer meliloti 
which was isolated from Qazvin province did not produce 
any PCR product for these genes. Unexpectedly, strain Tal71 

(Rhizobium laguerreae) isolated from root nodules of Trifolium 
pratense was the only rhizobial strain that produced PCR 
product of nodA and nifH genes with the specific primers used 
in the current study. 

Phylogenetic trees of nodA and nifH genes showed that the 
distance among Sav1, Tal31 and Tal52 strains were much 
lower than the distance between these three Ensifer meliloti 
strains and Tal42 which was isolated from root nodules of 
Lotus sp. (Figure 4ab). In nodA phylogenetic tree, the Tal42 
(Ensifer meliloti) strain was placed in the clade III with the 
reference type strain of Rhizobium sophorae (CCBAU 03386) 
sister to the clade of Ensifer meliloti strains (clade I). In nifH 
phylogenetic tree, Tal42 (Ensifer meliloti) was placed in 
separate branch again sister to the clade of Ensifer meliloti 
strains (clade II).  

In the phylogenetic tree of combined 16S rRNA-atpD-
nodA-nifH sequences (Figure 4c) the distance between Tal42 
and other strains of Ensifer meliloti lowered. In this 
phylogenetic tree, Tal42 strain was placed with other strains 
of Ensifer meliloti in one clade with moderate support 
(BS=86%) (clade I). In combined phylogenetic tree, Tal71 
(Rhizobium laguerreae) strain formed a clade with the reference 
type strain of Rhizobium sophorae (CCBAU 03386) (clade II) 
with a low confidence (BS=62%), and not with the reference 
type strain of Rhizobium laguerreae (FB206). 

 
 

 

 
 

Figure 1. Mean growth of root nodule strains in the presence of different NaCl 
concentrations measured by spectrophotometry.  
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Table 5. Identification of strains in this study on root nodule bacteria based on their highest similarity in 16S rRNA sequences in 
EzTaxon database. All samples were isolated from the nodules of the host legume species. 

 

No. Isolate 
Closest species in the  
EzTaxon database 

Fragment  
Length (bp) 

Similarity (%) County Host 

1 Sav1 Ensifer meliloti LMG 6133(T) 1336 99.93 Savojbolagh Medicago sativa 
2 Sav1S Pararhizobium giardinii H152(T) 1330 99.70 Savojbolagh Phaseolus vulgaris 
3 Tal21 Phyllobacterium ifriqiyense STM 370(T) 1318 100 Taleqan Glycyrrhiza glabra 
4 Tal31 Ensifer meliloti LMG 6133(T) 1348 99.85 Taleqan Melilotus sp. 
5 Tal42 Ensifer meliloti LMG 6133(T) 1321 99.16 Taleqan Lotus sp. 
6 Tal52 Ensifer meliloti LMG 6133(T) 1326 99.92 Taleqan Medicago sativa 
7 Tal6 Paenibacillus sp. 14013 98.58 Taleqan Onobrychis sativa 
8 Tal71 Rhizobium laguerreae FB206(T) 1381 99.93 Taleqan Trifolium pratense 
9 Krj1 Neorhizobium alkalisoli CCBAU 01393(T) 1322 99.69 Karaj Colutea buhsei 
10 Ghg11-2 Ensifer meliloti LMG 6133(T) 1350 100 Qazvin Lotus corniculatus 
11 Ghg21 Rhizobium arenae MIM27(T) 1333 99.55 Qazvin Glycyrrhiza glabra 
12 Ghg31-2 Paenibacillus endophyticus PECAE04(T) 1373 99.56 Qazvin Melilotus sp. 
13 Ghg31-3 Rhizobium radiobacter ATCC 19358(T) 1280 100 Qazvin Melilotus sp. 
14 Ghg71 Neorhizobium alkalisoli CCBAU 01393(T) 1317 99.61 Qazvin Astragalus sp. 

 
 
Discussion 
 
Rhizobacterial strains isolated in this study demonstrated 
various reactions to biochemical tests. Even strains that 
belonged to the same species did not show the similar 
reaction to the same biochemical test. Since four out of five 
isolated Ensifer meliloti strains could not grow on low pH 
(pH=4), it could be concluded that strains of Ensifer meliloti 
were more susceptive to low pH than other rhizobial strains. 
One strain of Neorhizobium alkalisoli (Krj1) could not grow on 
pH=4, but the other strain of Neorhizobium alkalisoli (Ghg71) 
was able to grow on pH=4. In a study, no rhizobial strain 
could grow on pH lower than 4.5 (Keneni et al. 2010). The only 
strain belonging to the family of Rhizobiaceae that showed a 
significant increase in growth by every scale-up NaCl 
concentration level was Tal31 (Ensifer meliloti). Therefore, 
strain Tal31 could be introduced as a halotolerant. This strain 
has the potential to be used as biofertilizer for alfalfa growing 
in salinity farmlands. Regarding phosphate solubilization 
test, no difference was observed between phosphate 
solubilization capabilities of different rhizobial strains 
belonging to one species, but different species showed 
different responses to phosphate solubilization test. 

Many reports have indicated that rhizobia are host-
specific. Earlier reports used to emphasize on the role of Nod 
factors produced by nod genes in the identification of specific 
hosts (Staehelin et al. 1995, Rao et al. 1996, Maróti & 
Kondorosi 2014). Recent studies have just begun to reveal the 
underlying molecular mechanisms that regulate legume-
rhizobial specificity. Genetic and molecular mechanisms that 
regulate symbiotic specificity are diverse, involving a wide 
range of host and bacterial genes/signals (Wang et al. 2018). 
More findings have shown that a certain species of rhizobia 
can have a variety of host range. Eleven isolated strains from 
root nodules of Lotus all belonged to the genus Ensifer which 
had never been recognized as symbiont of Lotus prior to that 
study (León-Barrios et al. 2009). Six bacterial strains were 
isolated from root nodules of Lotus, Vicia and Hippocrepis 
plants grown-wild at different geographical locations in 
Egypt were members of the genus Ensifer (El-Batanony et al. 
2020). In our study, five strains of Ensifer meliloti were isolated 

 from four different host species, alfalfa (Medicago sativa), 
sweet clover (Melilotus sp.), Lotus (Lotus sp.) and bird's-foot 
trefoil (Lotus corniculatus). 

R. laguerreae was previously isolated from root nodules of 
Vicia faba (Saïdi et al. 2014, Efstathiadou et al. 2020) and Lens 
culinaris (Taha et al. 2017). It has also been suggested that R. 
laguerreae strains could be the main symbionts of faba beans 
in Greek soils (Efstathiadou et al. 2020). Tal71 strain which 
was identified as R. laguerreae in the current study was 
isolated from root nodules of red clover (T. pratense) for the 
first time. 

Rhizobium alkalisoli was first isolated from root nodules of 
Caragana intermedia (Lu et al. 2009), and some years later it was 
transferred to the new genus Neorhizobium (Mousavi et al. 
2014). In a study, six bacterial strains were isolated from root 
nodules of Lotus and Vicia plants were Neorhizobium (El-
Batanony et al. 2020). In our study, two strains of N. alkalisoli, 
viz. Krj1 and Ghg71, were isolated from root nodules of 
Colutea buhsei and Astragalus sp., respectively. This is the first 
report of N. alkalisoli isolation from above mentioned sources. 
It was also the first time that a rhizobial strain was isolated 
from root nodules of C. buhsei. 

R. arenae was first isolated from the sand in Desert Mu Us, 
North China (Zhang et al. 2017), but in our study R. arenae 
(Ghg21) was isolated from root nodules of Glycyrrhiza glabra. 
Previously, the rhizobial strains isolated from the root 
nodules of wild perennial Glycyrrhiza species grown in China, 
were assigned to the genus Mesorhizobium (Li et al. 2012). 

Recently, more Gram-positive bacteria belonging to the 
genus Paenibacillus have been isolated from root nodules of 
legume plants. P. endophyticus was first isolated from the root 
nodules of Cicer arietinum (Carro et al. 2013), but in the current 
study, a strain of P. endophyticus (Ghg31-2) was isolated from 
root nodules of Melilotus sp. (sweet clover). In addition, Tal6 
(Paenibacillus sp.) was isolated from root nodules of 
Onobrychis sativa. 16S rRNA gene fragment length for this 
strain was 1413 bp and covered the full length of the hit 
sequence Paenibacillus xylanilyticus (XIL14), but the sequence 
similarity between Tal6 strain and the target sequence was 
only 98.58%. The fact that Tal6 strain did not formed a clade 
with its closest reference type strain with high confidence and 
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Figure 2. (a) Phylogenetic tree of 16S rRNA gene for Gram-positive strains isolated in this study and some reference type strains. 
Sinorhizobium meliloti reference type strain was used as outgroup. (b) Phylogenetic tree of 16S rRNA gene for rhizobial strains 
isolated in this study and some reference type strains. Paenibacillus larvae subsp. larvae reference type strain was used as 
outgroup. Reference type strains are indicated by '+'. 

 Paenibacillus endophyticus (Ghg31-2)
 +Paenibacillus endophyticus (PECAE04)
 +Paenibacillus sinopodophylli (TEGR-3)
 +Paenibacillus castaneae (Ch-32)
 +Paenibacillus radicis (694)
 +Paenibacillus catalpae (D75)
 +Paenibacillus gorillae (G1)
 +Paenibacillus xanthanilyticus (AS7)

I

II +Paenibacillus larvae subsp. larvae (ATCC 9545)
III +Paenibacillus panacisoli (Gsoil 1411)

 +Paenibacillus silvae (DB13031)
 +Paenibacillus xylanexedens (B22a)
 +Paenibacillus oceanisediminis (L10)
 +Paenibacillus taichungensis (BCRC 17757)
 +Paenibacillus xylanilyticus (XIL14)
 Paenibacillus sp. (Tal6)

IV

 +Sinorhizobium meliloti (LMG 6133)

50

97

52

97

87

99

98

89

76

38

48

23

63

21

 +Sinorhizobium fredii (ATCC 35423)
 +Ensifer numidicus (ORS 1407)
 +Sinorhizobium meliloti (LMG 6133)
 Ensifer meliloti (Tal52)
 Ensifer meliloti (Sav1)
 Ensifer meliloti (Ghg11-2)
 Ensifer meliloti (Tal31)
 Ensifer meliloti (Tal42)

I

 +Rhizobium galegae (ATCC 43677)
 Neorhizobium alkalisoli (Ghg71)
 Neorhizobium alkalisoli (Krj1)
 +Neorhizobium alkalisoli (CCBAU 01393)
 +Rhizobium huautlense (SO2)

II

 +Rhizobium pakistanense (BN-19)
 Rhizobium arenae (Ghg21)
 +Rhizobium arenae (MIM27)

III

 +Rhizobium pusense (NRCPB10)
 +Agrobacterium radiobacter (ATCC 19358
 Rhizobium radiobacter (Ghg31-3)

IV

 +Rhizobium giardinii (H152)
 Pararhizobium giardinii (Sav1S)
 +Rhizobium herbae (CCBAU 83011)

V

 +Rhizobium etli (CFN 42)
 Rhizobium laguerreae (Tal71)
 +Rhizobium laguerreae (FB206)
 +Rhizobium sophorae (CCBAU 03386)
 +Rhizobium anhuiense (CCBAU 23252)

VI

 +Phyllobacterium loti (S658)
 +Phyllobacterium trifolii (PETP02)
 +Phyllobacterium catacumbae (CSC19)
 +Phyllobacterium ifriqiyense (STM 370)
 Phyllobacterium ifriqiyense (Tal21)

VII

 +Pararhizobium polonicum (F5.1)
 +Rhizobium leguminosarum bv. viciae (USDA 2370)
 +Ensifer alkalisoli (YIC4027)
 +Sinorhizobium medicae (WSM419)

VIII

 +Paenibacillus larvae subsp. larvae (ATCC 9545)

75

66

100

87

98

95

86

99

60

98

44

66

52

96

23

84

28

66

89

99

41

3723

45

21

2

10

21

98

64

2

13

84

1

b 

a 



M. Marzban et al. 
 

34 

 

 
 

Figure 3. (a) Phylogenetic trees of atpD gene and (b) the combined data set of 16S rRNA-atpD genes for rhizobial strains 
isolated in this study and some reference type strains. Paenibacillus larvae subsp. larvae reference type strain was used 
as outgroup. Reference type strains were identified by '+'. 

 
 
was nested in a clade with multiple reference type strains at 
with low confidence, suggest that this strain may represent a 
new species. In another report, Paenibacillus periandrae was 
isolated from the nodules of Periandra mediterranea (Menéndez 
et al. 2016). 

In the study that led to introduction of R. laguerreae as a 
new species, a rhizobial strain which was isolated from root 
nodules of V. faba was first identified as Rhizobium 
leguminosarum based on the identical 16S rRNA gene 
sequence, but rpoB, recA and atpD gene sequences showed 
significant phylogenetical distance among the mentioned 
strain Rhizobium leguminosarum. Further investigations led to 

introduction of R. laguerreae as a new species (Saïdi et al. 2014). 
Also, in our study some strains like Tal42, Tal6, and Tal71, did 
not match exactly the expected clades in the obtained 
phylogenetic trees. These strains might belong to new species, 
but further investigations are needed. In the current study, 
Tal71 strain was preliminary identified as Rhizobium 
leguminosarum based on nifH, nodA and atpD gene sequences, 
but 16S rRNA gene sequence showed its affinity with R. 
laguerreae. In the combined phylogenetic tree of 16S rRNA-
atpD-nodA-nifH genes, Tal71 strain was formed a clade with 
the reference type strain of Rhizobium sophorae (CCBAU 03386)  
(clade  II)  and  did  not  show  close  relationship  with  the  
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Figure 4. (a) Phylogenetic trees of nodA gene, (b) nifH gene and (c) the combined data set of 16S rRNA-atpD-nodA-nifH genes 
for some strains isolated in this study along with the reference type strains of Rhizobium laguerreae (FB206), Rhizobium 
leguminosarum bv. Viciae (USDA 2370) and Rhizobium sophorae (CCBAU 03386). Reference type strains were identified by '+'. 

 
 
reference type strain of R. laguerreae (FB206). Based on the 
description of R. laguerreae, it could not tolerate pH lower than 
or equal to five (Saïdi et al. 2014), but the strain Tal71 was able 
to grow on pH=4. Therefore, based on the gained 
phylogenetic trees and some distinct physiological 
characteristics, it can be concluded that Tal71 strain, isolated 
from root nodules of red clover (T. pratense), might represent 
a new species. Based on phylogenetic trees of nodA, nifH and 
the combined 16S rRNA-atpD-nodA-nifH, the genetic distance 
between three strains of Ensifer meliloti (Sav1, Tal31 and Tal52) 
and the strain Tal42 might be due to the fact that Tal42 was 
isolated from root nodules of Lotus sp. It could be concluded 
that the difference among genotypes of rhizobial strains 
nodulating the same plant genus of the legume family could 
be much lower than the difference between genotypes of 
rhizobial strains belonging to the same species but nodulating 
different genera of legume species. It could also be concluded 
that diverse characteristics of different strains belonging to 
the same bacterial species isolated from various host plants, 
both in terms of physiology and genotype, might be the result 
of the host plant itself and its unique interaction with the 
endophytic bacteria, indicating the possible effects that host 
plants themselves have on the genome of the endophytic 
bacterial strain. 

Some of the root nodule bacterial strains isolated in the  

present study have never been isolated from the host species 
studied here. These findings show that the host range of root 
nodule bacterial strains including rhizobial strains is still not 
determined completely, and the host range of specific nodule-
forming bacterial species could be much wider than it was 
anticipated before. It might be due to the fact that accessory 
nod genes involved in determining host specificity have 
shown genetic variations (diCenzo et al. 2019). In one of the 
recent studies, two bacterial strains were isolated, from the 
nodules of Astragalus chorinensis and Oxytropis popoviana. Both 
strains demonstrated lack of high symbiotic specificity which 
is characteristic for primitive legume-rhizobia systems 
(Safronova et al. 2019). Therefore, it is still necessary to work 
on legume species especially wildly-grown ones and 
comprehend their rhizobial symbionts’ range. It can also be 
concluded that identification of root nodule bacteria solely 
based on their 16S rRNA gene sequence, is not sufficient. Even 
a root nodule bacterium identified by its 16S rRNA gene 
sequence, cannot be considered as definitely identified 
without doubts. Even if 16S rRNA gene of a strain shows a 
very high similarity with specific species in different 
databases, phylogenetic study based on multiple genes and 
physiological tests are also necessary for more accurate 
identification of the root nodule bacterial strains including 
rhizobia.
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